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DELHI MUSEUM ASTRONOMICAL 
INSTRUMENTS. 




rriETE Director Gonoral of Arciiieology recently puroliatied fr4nm a resident of 
Delhi three astrolabes and a siimll brass t^elcstial apheret ^'hicb have 
now been placetl in the Delhi ^luaeuin. Of these instnune^its the spiiere is 
inscribed with the maker's name and date as follovrs: Din fi/-Dbi Mithiwmod it, 

Mulia Qasim Muhammad ibn */sd ibn Simitih AUdhdM, //ui?j%i2nf, ^ ' 

Sam 10S7. 

This person appears to have belonged to a family of astrolabe makers 
of Lahore. He himself was the maker of the very accurate instruments shown 
in figures 0 and 19 of my Asirottmtical Obserx>t^toFies oj Jai Simjh, and an uncle 
of his, destrribed as Mulnimmad Muqfm ibn ‘Taa Jbn Allahdfid, Csttirlahi Hurua- 
yhnl of Lahore, made in A.H. 1053 an instrument now in the possession of 
Mr. Ijcwis Evans,^ and there Is another of his instrumenta, dated A.H, 1U7U, 
in the British MuiseutnA 

2. None of the three Delhi astrolabes bears either the maker's name or 
an}' date, but, as will be shoivn below, such instruments, when accurately con¬ 
structed, bear clear evidence, based upon the precessioii of the eciuino^ea, of 
the period of construction. The known history of the instruments,^ the date 
on the smaU sphere which accompanies them (approximately A,D. 1616), and 
their general design are other factors bearing on the period of their construc¬ 
tion. The oldest of these Delhi astrolabes is inscribed in Kutic characters and 
belongs to the thirteenth century A.D.; another belongs to the end of the 
fifteenth centmT; and the third, whicli is inscribed in Devanfigan characters, 
belongs to about the end of the seventeenth century, AH these instruments 
contain many details of astronomical and archa:ological interest-. The work¬ 
manship on two of the astrolabes is excellent; while the third, although of 

^ To w^toni 1 Kira huiclKtfrii fur kh nf tha injtr mniiwit, 

* Nuratwr 12 of tlic rnipiiblial]^ liit iimlly knt to me by fTtrcuiiH RtM\. 

■ tlic bua onuiir of ilifr kOftT^mt^ slate* tSmt kig gffoAt-gtraftt-gr^^iff&tlw IwnJv Littcnartud 

in the Hwttc* of tii» bcftTsnlj 'ttnAkA* find llmt ^pnixmwhcra in tJio ^7lh omlury AJik li« tho 

togrtlipr with an excsUoit Hkotiofi ni utiniimiiifiAl 

n 
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touch cruder design than the others, is possibly nme of the earliest inscribed 
in Devanagari chameters. 

Thirteenlh Cenlut^’ Astrolsbc inscribed in Arubic (KiJfic) characters. 

3. This is a brass instrument 5-7 intihes (14-2 cm.) in diameter, and 2 mm. 
t^fk. Besides the body of the instrument, termed the or mu/er,^ it com 

sists of only the ‘anhabut {araneu or rcte) and the sightor or athidade, and is 
msenbed uith Kiiiic charactera. The 'ankabat has 29 shzdya or star points 
each msenbed with the mime of a star, and the ecliptic circle graduoted and 
inscribed with the twelve names of the signs ol the zodiac.* Of the 29 aha^aya 
eleven have white metal busses, and thtn-e are also four larger bosses which 
serv-e as handles for rotating the •snkabut. The venter or inner surface of the 
^ter IS engraved with a projection of the celestial sphere. The rim ja gra* 
uated in degrees, which are nuniberod in groups of five up to 3H0, starting 
from the top or south point and proceeding tlu-ough the west point on the 
right, the north and east b order. The back of the instrument Jins the upper 
^f of the nm also graduated in degrees. The upper two quadrants of the 
back contain a Zarqali projection of a portion of the sphere; the lower left 
quadrant contains a graphic table of sbes; and the edge of the lower right 
quaint IS inscribed with a shadow scale. Tlie ulhidade or sighter has two 
toed sighting pieces, each with two sighting holes. Tlie alhidade appears to 
Lave been made later than the rest of the inst,Tument and is not graduated. 
The workmanship is excellent throughout except for some apparent mistakes 
in numbering the graduations; but the metal has become slightly pitted in parts 
The instrument was made about A.D. 1280. Such is a description of the m- 
atrument m hare outlme, which requiren amplification b certab directions. 

A Thf ’(infuhf//.-—The open net^work disc, examples of which are slmwu b figures 
1, 3, o and 10, is by the Muslims appropriately termed ' enkabut ’ spider ') or slui* 
la a ( net ) and by medieval western ocholars artium or reie. It is cssen- 
tiaily a star map of the heavens nod always mcludes the edintic. and ,.an K- 
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Star List of Astrolabe A. 
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TTic Age of Asirolabe A. 

5. In consequence of the precession of the cquinoxea the positions of tho 
stnra relntive to the line of equinoxes (AB in figure JO) varies in the dificrent 
inatrmnenta according to the period for which they are constructed. Thus, if 
an astrolahe is occurateij nmde, it contains in its star map engraved on the 
'ankabQt a definite record of the date of its construction. Since, liowever, the 
precession of the equinoxes approximates to 50-2 seconds of arc in a year,' and 
since the error in reading any individual star position may amount to as much 

say, half a degree, our estimate of the age of an instrument may be out 
by a few years; but, withm reasonable limits, tlie estimate is reliable. Not all 
the stars are of equal value for this purpose of comparison. The better known 
stars were presumably the more correctly located, and for the purpose of coin- 
prison those not ven- far from the ecliptic are fmrhaps the more suitable. 
Also It IS convenient to compare the star positions us recorded on the mstru- 
ment with a record of not too distant a date: the types of error on the in- 
rtrtimcnt are likely to be similar to those of a catalogue of the period, etc 
Ihese considerations have led to the use of Hugh Beg’s catalogue as a stand¬ 
ard of comparison. Ulugh Beg’s records are not perfectly accurate but we now 
Jrnow the amount of inaccuracy in each case," and the catalogue gives longi- 
tudes, which are much more convenient for comparison than the right ascensions 
and decimations given in modem catalogues. 

Sinco tlie Mtiimicnt error tmy amount to abont half a dpgrec it is iisolos. 
or ns to oonstUcr the eilert of tha proper motion of the stnra. The afenuris 
error in lon^tude of Ulugh Beg’s teoonfs is about —12 minutes, and thus would 
make but htlle appreciable difference to our eatimafe. Since latitude does not 
vary with precession the latitudes on the instrumenr and those given in Climb 
Begs .ntJo^e should be nearly the .same. We thus have a criterion of at!^. 
racy of the matinment, and the latitude* as compared in the above table show 
that the d^eo of jeeuraey claimed for the hwrament i, in no way enaggecated. 

• Ml”'"'* to givee the longitude of each of the identified stare on the 

tr of 
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The average difterence in lougitude ie approidiiiatel^ — 2* 3', vrbieh correa- 
ponda very nearly to — 148 yeara, Ulugh Beg*s catalognc waa const meted in 
A>D. 1437 and the rough pioceas followed gives A.D. 128D as the approximate 
date of the instrument. The method of caleuhitiou. ia, however, open to cri¬ 
ticism, AH the stars selected have not the same values for purpose of com- 
poiison. If, for example, we had excluded all stars of less than the first magni¬ 
tude, the resulting date would have been A.D. 1270, in spite of the positive 
precession shown by number S Orionis). Also we might, with justiftcation, 
have taken the ' mode ' instead of the ' average ' of the differences; wc have 
neglected the proper motions, Ulugh Bcg’a errors, etc., etc. 

The following table gives a cotnperison of three of the best known stars at 
greater iutmv'als;— 
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The averages of these differences of longitude give about-(-1250 and —622 years 
approximately ; and the resulting dates are 58-1-1250 or A.D. 1308, and 1910—622 
or A.D. 1287. 


I 

B, Astrolabe inscribed in Arabic (Naskbi) cbaraclere, circa A,D. 1500. 

6. This, is a plane astrolabe of the ordinary type, made in brass gilt. Its 
diameter is 3-76 inehes (=9'6 cm.) and it is *3 inches or 7 miu. thick, and is 
inBcribcd in naskhi charaetera. It contains, besides the 'ankabflt, six plates, in¬ 
scribed on both sides with sex-part he projections for certain latitudes, and other 
-Special projections. Tlie venter is blank. The 'ankabut has IS points, to only 16 




































‘’vIT' **" and St im, th^ «.-Uptfc ciloU 

^ Arf mti the nemee of the eigiB „f the todieft end gtedunted. The •„- 

St has been hroken m W and rather clumeUy repaired: the left top part 

h I nT n r tit" «f the mter 

LrtT 'f " a'®"'” T* “ "f “F 30 ®. atarting 

Iron, the top and pr^eeding clock-wUe. The reverw i. heaolifnllj. engrave!^ 

. ^ ?■ “F*“ Sap qnadrant eontaiae graph, ot the 

^nal or temporJ hoort; that of the tight top qnadmnt a grapLal tahle 
of mee^ ,m«. and eonainea; the left bottom quadrant eontaina what mae be 
detorihed as a set of poiar ct^ordinates; the remaining qm.dn.nt siowa^'uare 
and mtcular shadow scales. The alhidade or sighter liL two Seed 
pitoM with single sighting hidM' The workmanship, eacept for the r^^ai^ 

^rtmn of the ankahSt. is eaeellent thronghont, and the gilding has helprf 
to preserve the cngraviag, ® ueipea 

Slar List of Astrolabe B. 
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7. By the same process as m paragtaph 6, from the following elements, we 
obtain an approxtimte date for astrolabe B. 



— 



LcfSfiiTimx. 

Biffcncsnce, 

InstmiQflit. 

Uiu^ Eb^. 





9 

■ > 

b 

^ydgbonm. S7ci Tatiii 


M 

flU 

i 31 

•tO 

T. It«gl3>1UM^ 

Leimla 

- 

J-3 

\i2 

142 IS 

13 

8l 

67a V^T^ini* 

* 1 

1-2 

lUS 1 

me 10 

+1 50 

11. 

j^L^arplj « 

* 

1-2 1 

213i 1 

C4 

+1 J4 


These stars give an average precession of 4*53-2 minutes after the time of 
Ulugh Beg’s catalogue (A.D. 1437) or approadmately A.D, 15(10. Or, as before, 
taking only those stars that are of not less than the first magnitude^ we have; 


— 


InHlruiui-iir^ 

Ulugli Hcg. 





» * 

a e 

2, Eigd, Ifki? Onouiff « « , 

0-3 

70 

09 2D ! 

+0 33 

4. CAUb » 

—1.0 

U7 

^0 10 

-1-0 41 

ProoyOn. Cnnii Minoria 

rha 

lOEl 

100 22 

-KO 33 

0. Arptio-as* a Broti* < * , 

m 

107 

190 31 1 

-HI 23 

IZr Zu Ljtx , , , ^ 

0*1 

2m 

270 10 

41 


The average precesmon is here very nearly 49 minutes which gives A.D. 1495 as 
the approximate date of the instrument. 


The Tablels of Aairolabc B. 

8, There are six brass gilt Ubieta, each 3-2 inches (8*1 cm.) in diameter 
and about a millimetre thick. Each tablet is engraved on both sides with pro¬ 
jections of co-ordinates and other elemeiits that can be used in conjunction 
with the 'ankabOt tablet. Of these projections nine are for latitudes from 0" 
to 40° I one is nmninaUv for latitude 90° and therefore gives declination circles j 
one is nonunally for latitude 66“ 30' and therefore gives celestial latitudes; 
and one is for horizons from g° to 71^ On two of the surfaces double projee- 
tiona are given, thus making fourteen different projections in all. 

The theory and use of these projections will lie described in due course, but at 
present formal dcsi^riptions only will be given. To facilitate this I have uum* 
bered the tablets in a convenient order and have distlngtiiHited the obverse 
and reverse of each by tbe tetters n and h. 


> Altair (■ omitted beconu tJie lapaTiid portiofi of the ‘ankiWit. m iriiich it liei, ia Twy ioecnmte. 
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I* ifl marked ha 'ard- (' for latitude 00“') and is engraved declina¬ 
tion eircJes. Tliese are concentric circles wtiose centre is the centre of the 4 ih c 
( north pole). The circles are numbered thus from the outer tropic: 


A 

23 I 30 ■ 18 1 13 I 


B 

6 6 113 Ws ' 31 ho I 36 


42 [ 48 64 60 66 72 781 {84) (00) 


where A is the tropic of C&pricom, B the equator and C the pole. The readings thus 
give positive and negative dee!inations. See figure 11. 

is marked 'nrd fsturtia sa *3iah JB or ' zero latitude: hours 12 ’ and 
exhibits co-ordinates for zero latitude. Almucantarats for every sbi degrees And 
azimuth circles for every fifteen degrees^ and the 12 unequal or temporal hour 
lines are drawn and numbered. The two tropics (A and C) and the equator 
(B) are shown. See figure 12. 

n‘ is marked ^ardlK sSt&nh /J-// or ‘latitude IS: hours 13-5.’ Besides 
the almncantarats, aadimiths and temporal hour lines, there are also the equal 
hour lines (dotted); and the horizon is marked on the right ol-maghfib (' the 
west'), and on the left uhimshriq (‘ the east Figure 13. 

II*’ IB maiked 6o‘ard K m‘Stah IJ-lJ or ’ for latitude 20**: hours 13—J3'/ 
Otherwise it is exactly of the same type as fl*. Figure 14. 

Ill* ifl marked ‘ard KA~M or ' latitude 21" 40': hours 

13—21'.* (Note that 21“ 40' N. was the generally accepted lutitude of Mecca.) 
Figure 15, 

in'* is marked ‘ard KJ so’afaA IJ-KII or ‘ latitude 23°: hours 13'—26*,’ 
Otherwise as the preceding. Figure 16. 

IV* is marked fat the top '«rd KIl svt^ah 1J~LD or ‘latitude 25*; liours 
13—34'.’ The azimuth lines are shown below the horizon imly, otherwise it is 
of the type of II and Ill. Figure 17. 

IV** exhibits two independent seta of almucantarats and temporal hour 
linPA only. At the top of the tablet is written *ard KH aa'Qtah /.1-^1/ir or 
* latitude 28“: hours 13—46,’ and the corresponding projection is given. At the 
bottom^ is written '(irrf L sa'mah /J-.VTF or ' latitude 30"; hours 13—SB'.’ The 
east and the west are marked twice over, being reversed for the second pro¬ 
jection, Bee Figure 18, 

V, Tablet V is divided mto two ports along the meridian line. This pei?- 
mits the use of either of the projections until one of the special tablets. The 
actual projections are of the same ty|»e as TI and 111 

(a) is marked *ord LB su'Sttth W-W or ’ httitade 32°: hours 14—6V 
Figure 19. 

(h) is marked 'ard LW m'atuh ID-KZ or ’ latitude 36°: hours 14—^27'.’ 
Figure 20, 

VI*. The obverse of this tablet is superficially of the same typo as IV* 
t.e., there are two separate projections on the one Hurfece. The upper projeo 


1 At^ic tqtts'v uied w uumiri-ibk sm hm tnumlitcraiGd by hsUiViL ^Hio cioCatiqii a 

tui 






0 


tion is marked *ard M m'atah ID-NA or ' latitude 40”: hours 14—51^/ The 
other projection is tnarked ha'md >S'F-L or "for latitude 60”—30'.' It is thus 
a projection for the complement of the obliffuity and shows celestial latitudes. 
In BoniD mstnimeTits^ such a projection is marked as * the measure of the 'an- 
kabut/ Figure 31. 

VI'’ is u ‘tablet of horizons [ 0 lXhah af^iyah)* There are the usual circles 
of the tropics and the equator, the meridian line and the east and vvest line, 
and there are four groups of horizon lines, each drawn for a seitarate latitude, 
and each group consisting of 16 horizons. (Figure 23.) .41ung the diameters of the 
disc these lines are numbered in Arabic numerals,^ while along the cirele of Capricorii 
they' are numbered in the abjad nutation. The groups are arranged thus 


a 


12 

16 


* * 

60 


64 

68 



g 


13 

17 

* 

* m 

61 


65 

69. 



10 


U 

18 

# 

t ■ 

62 


66 

70 



11 


15 

19 

♦ 

4 m 

03 


67 

71 



Tlic foilowing table aujnmBrisea tiie eletfienta 

giveti 

on these tablets:— 

1 

1 ]■ 

V 

11- 

tl 

1 

1 ni' 

ra:> ; 

1 

JT 

'■i 


n n- 

1 

lAlitudtii. ^ 0O~ 

1 


IS* 

1 

2fP 

W 

Mwft, 

23* 1 as* 

1 

2S^j 

1 

30^ 

32^ 

38° 

48^ 

eap 1 

Lcm^t f ^ 

la 

1 1 

19 

IS 

iS 

1 

13 1 13 1 

! 

13 

13 

U 

14 

14 

[ 

4Jky4n) t i 

1 1 

!.! 

1 “ 

13 

21 

25 1 34 1 

' ( 

1 48 

58 

a 

27 

51 

j 


(y« C. Hjiidii Astrolabe. 

9. The Hindu astrolabe (figures 5 and 6) is 7 mchea or 17-2 cm. in diameter 
and -3 inches thick. It is of the same type as E but is inscribed in Devana- 
gari characters. Besides the ‘ankabut it eont^ins two discs with the usual 
pTojectioHB, but, a]>parently, it was made for three such discs. The Venter is 
blank eicept for four mimes that appear to hove been engraved there as memo¬ 
randa. The ankabut has 37 points of which 21 only have star names at- 
taehod, and one point ia broken. The ecliptic circle is roughly graduated aud 
is inscribed with the names of the 12 signs, The obverse edge is graduated 
in degrees which are numbered in groups of three starting from the cast point 
on the left and proceeding counter-clock wise. The back has only the upper 
edges graduated, the bottom edge being blank. The upper left quadrant eoE- 
taius a rough sine table j the right quadrant is marked only with equi-distant con¬ 
centric quarter circles; and the lotrer half contains the square shadow scale. 
The alhidade has fixed sighting pieces each carrying two sighting holes. Com¬ 
pared with A and B the workmanship of this instrument is extremely crude, 

> S4., fignre S (Jmjwji anek m pmjwlimi witWi it iiuimbB] or 

m«aurc. of it, 'milwbut,* ThU (wrttoulw (aIiIoI lK.Jaii)g]i la the Jaipar ’B' utrakU i.hnwt) Ui 

6 ikpd ii of mv pf Jui 

* Thia Li tho anty lablst on wliich nunu^l In nil othfl- cMof tbo ohjoJ 

ncrUhtian h ihmL 

(a) For the coima^u bolween Um hmci^t lUy uiJ hiOtude my ffindit Atlrnatmy $64. 
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Star List of Astrolabe C, 





Motlmi lanme. 

btsTAcruieiT. 

Pldoh Bna. 




1 

LaL 

Umfi. 

Ukt. 







> i 

1 * * 

« r 

]. i^ini]ilra(ia]uba « 



fSJ Ceti 


33« 

“ll 

353 55 

—10 30 

2. Mimufiliybiltvlift » 



aa? PcHei, -4M . 



+23 

49 S5 

+23 0 

2. Robfi^i « * 



S7s riburip Aidth^mu. « 

■* 

mi 


412 31 

~B IS 

4, iLum.(brcikm) 





4 -II 



f .,. 

^ MitJianai..fiaiinkuhiyt 


]9d Ondnla^ 


71 

—301 

fiO S5 

1 

—31 13 

6. HiutA 






—ll 

1 il«* 


7# SHtimnii * 





3* 

—il 

1-1 1 

i -ip 

E. AtdrA Lubdimki 



Ss Cfmif ^'?inuA 

. 

97 


W 19 

—30 3(1 

0. lAibdluil^baindhn 



iOa Canis Mmoriiii IVof^vA 

* 

imk 

—15 

1 

10s 22 

—re 0 




32^ LBCtnld, Hq^uluM 4, 

- 

143 


142 13 

+0 *j 

11. Utt&TA Fh&lgiml 



- 


Iljl 




12, ViiiJdii * 


* 1 

. 


im 

+4i 

i 

*■¥- 

13i Mntpmiim^^Eda , 






+20 

1 

i 1 

-#«■ 

1*. CliltrS 



&7a Tirpnim Spica 

* 


-1* 

! 

ion m 

1 

—3 0 

lfl„ dvitf 



a BcxilisT 

* 

207 

+301 

190 31 1 

+31 IS 

16L 





245 

+31 j 

-1-1 L 

*** 

J7. AbWjlt , 



3 a Lyrjc, Vtg^ . * 

■ 

2B0 

+i(l 

47S 19 

+as 0 

IBL ^ 



ffiJa Aqqilse. Aflair 

a 

2m 


291 10 

+29 15 

lf>. Eoifimid&imchba 



Cygni, L^neb 

■ 

333 

+110 

32S 10 

+59 42 

20. b 



2!a Atbdittiiledje , 

m 

7 ' 

+25 

0 38 

+ 28 21 

22, PurrlUflkMlnhpAdtt 


'1 



3 

1 

+10 




10, Of tliese Dames 11 are immes of mJt&luitraa ttud their positions agree 
generaUr with the usual identifications;! but Bast^ does not refer to the nak- 
shatra of that name and. here poaaiblj indicates a hand of Orion, 
is the name of the sign Gemini and Mithuna.. .daksMtui refers to Rigel as south, 
of that sign. Dhamia is also the name of & ' sign ’ and Bamtli-ltotit * the end 
or tip of the bow,’ appears to be used appropriately, Samtidmpai-sAa, ' marked 
with a fill, is possibly t Ceti; Manushya^rJfAn, * a human skull ’ is equivalent to 
Ulugh Bi^’a * demon’s head *; jdrdra Lubd/mi'a is said to be a name for Cauda 
Draconis, but here it marks Sirius * the star in the mouth of the dog *; Lub., 
dhaka is the hunter in the Bohinl myth* and Ltild/tulka-ba»dfiH is the hunter's 
relation, and is applied to Procyon. is evidently meant to indi¬ 

cate the circle of latitude of Tirgo, on which the star lies, Balyimdtiptic/tiha 


^ Sm GDij Hindu A^roni<nK^^ Apjieiullx XL 


* ih.t Appmidix L 
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posaibly is meant ae an equivalent of Caoda CVgivi, but it ia maTked on tkc 
*ankubut by a bird s beak. The term iodlcatea aoiue eonne^tion with 

ft celestial horse and is the principal stnr^ in Pegasvie. 

BeKides these star names are certain names written on the ‘ankabut that are not 
connected with any pointer. Near KuMm ia ^vritten Sha^\m,tiJtba, * having sis 
moiithSj* perhaps for K^ittika (the Pleiades); on the extreine edge (long. l&O*- 
170’) is inscribed ^Eul'askamdha* ' the CTOw*a shonlder/ possibly for one of the 
Btars of the constellation Corvxm; and on the cdiptic, near Capricoraus, is (?) 
DhmuthSaTayum which possibly is to indicate the Muri or pointer at the top 
of the ecliptic circle. 

8ome other names are engraved on the venter but appear to have no direct 
connexion nith any part of the astrolabe: they arc— 

Lomkayam 0 

Adane ..U 

Tilamge.T19 

Devagirau ...... 20-34 

These appear to be metuoranda of cerfiain latitudes, tHz., Laiika 0, Aden 11, 
Tiktiga ?1&. Devagiri (the modern Daulatabhd, the Tagara of Ptolemy) 20'" 34'. 
LahkA is the place of origin of the Hindu geographical co-ordinates, and is * in 
Ceylon'; the latitude of DauIatabM is approximately 19“ 57' hf. and there is 
little doubt as to the identification; the latitude of Aden is 12'^ 47' N, and 
the identification is possible; Tilaihga is doubtful. 

II. It 'would be futile to attempt to determine the age of such a crudely 
constructed instrument as this by means of precession. The average of the 
difierences in longitude would have no value since the probable error is so 
great. But on general grounds we may suggest the end of the aeventeeulh or 
beginning of the eighteenth centurj’ as about the period of its construction. 


The Tablets of Atrolabe C. 

12, Astrolabe C has two tablets only, although from the depth of the rim it is 
conjectured that the instrument was made for three, I* is inscribed — 

22 Chhaya a Paramadinaiii 33 30 

Karnah 13 Avamtikayam 

which means ' (Latitude) 22, Shadow B, Hypotenuse 13, Longest day 33 (gha(;ra) 
30 (palas), At Avanti (TJjjain),’' Almucantarats for every three degrees are 
dru'vvu and numbered. The unequal or temporal hour lines are dra-wTi and also 
the equal hour lines, the latter, as in the Muslim instruments, being dotted. 
For the hour lines is only one act of numbers. The equal hour lines, of which 
only 12 are showm on this snrfoce, are badly drawn. Apparently an attempt 
vras made to count the equal hours both from sunrise and sunset! No aai- 
tnuths are given. 

P is inscribed— 

Palamsoh 37 Paramadinam 36 24 

ChhayS 9 
Earnah 15 

c i 


^ Now nmniftH a 






IS 




whicL may be reatl ‘ latitude 37\ bngeet day 36 (ghatTs) 30 (palas), shadow 9, 
hypotenuse 15.* On this surtace the equal hour lines are draim in the normal 
iashion hut not very accurately. Otherwise the tablet is the same as IV No 
town is mentioned and the latitude is well outside India. 

II * is marked— 

Pala^fhfiah 23 Paramadinam 33 50 

CbhayS 5 6 Anmdavad 

KarJ^h 13 3 

or. " Latitude 23/ longest day 33 (ghatis) 50 (palas) Shadow 5-6, hypotenuse 
13-3. Ahmedahad. Otherwlw it is like IV ‘- 

rP ifl a tablet of horizons (similar to figure 22), but without any graduation 
numbers. 

The most interesting features of these badly drami tablets are the names 
of the towns and the methods of expressing their latitudes (o) by degrees, (i) 
by longest dajf^, (<r) by the shadow of a yertical gnomon. The first two me¬ 
thods are ge^ral but the third is peculiar. The vertical gnomon is supposed 
to be 12 units, or 7^ nunutos longi and its noon-day shadow at the equi¬ 
noxes IS 12 tan^, while the hj-potcnuse formed Ly the shadow and gnomon 
IS 12 cob^, where ^ ia the laUtude. The days are expressed in ghatis and 
palae, of which 60 ghatis=l day of 24 hours and (M) jpolas^-I ghap. 

We thus huve^ 


tJ/juifi . 


Pluoo. 


LoDgefft ilay. 







□ 

H. 

Jf. flL 







1 

13 

S* 0 

5/I3=‘3«5 






37 1 

14 

X!t 3S 

B/1O='0W) 

* * 

* 

* 



” 1 

13 

32 0 



For these latitudes the longest days are, to the nearest minute, 13*' 


23* 


a ^ ' t the values of sin ^ are approximately *375, 

•m, *391. The actual latitude of T7jjain is 23” 10' «' and that of Ahmedabad ia 
given as 23” 2' N. 


The Projections. 

, 13-^ The mathematiral principle on which the tablets, including the rote or 

aukabut, are constructed is indicated by the term ' stereographkral projection.* 
A pole of the heavens is usually taken as the centre of vision and the piano 
0 lie equator as the plane of projection; but occMionally one of the equi¬ 
noctial points is tie centre of vision and the soltitiel colure (i.e., the great 
mrcle passing through the soltitial points and the poles of the equator) is the 
plane of projection, * 


In the ordinary plane aatn^labe (like B and C) the point of virion (T in 
gttr^ 23 and 24} ib ueually a pole of the equator imd the projection is made 
on the plane of the equator of which ns in figures 23 and 24 is a tiace. The 
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■type of projection employed is thus polar stereographic, in which circles of the 
sphere nsually are circles on the projection, and angles on th <3 sphere are 
represented by the same angles on the projection. 

Let VAjAj be a great, circle on the sphere through the point of Tiaion V, and 
let nff lie in the plane of projection. Let AjAj be the diameter of a small circle 
■on the surface of the sphere. The projection of this circle on ns will be a circle 
whose diameter is 8^8}, 


Almucantaratf^, Celestial Latitude and Declination. 


14. If us represent the equator then AjA^ may Tepresent the diameter 
of a circle of altitude, and its trace aia^ that of an almucantaTat. The altitude 
is measured by OA^.4]=OAiAj=a, and if VO produced cut A (.4, in C then 
VCAj,=<^ is the latitude. The poles Z and Z' of the circles of altitude are termed 
the zenith and nadir. 


We have Oai=i.tanajVO=r.tan^”^» and Oaj-=r.tana*VO= 


r.tan 


18 «^— 


= root - 


^H|-a 


"Vnien ^=90^— a, (=63^ degrees approximately), then AtAj is parallel 
to the ecliptic, it is a diameter of a circle of celestial latitude; and when 
^=90 degrees, AjAi is parallel to the equator and is a diumeter of h circle 
of declination. .41bo if z and z' are the traces of Z and 7/ we have 0z*= r.tan 

and 07 .=r.cot * iind when ^—90'’—w, Oz'=r tan “ — r.('208) 

2 2 * 


nearlv, and 07=r.cot^=r-{4&0f!) nearly; and when ^=90 degrees, Oz'=0 

and 02=3*. When a=0" the alnmcantarat becomes the horizim and Oaj = 

'th 

r.tan ^/2 and Oav=r,cot 


Azimuths, Celestial Longitude and right Ascension. 

Id. The great circles which pass through the zenith and nadir and ctit 
the horizon at right angles are called vertical circles. They mark off on the 
horizon horizontal angles or azimuths and may therefore be called azimuth 
circles. Their projections arc circles passing through the zenitli and nadir and 
also through the appropriate graduations on the horizon. The projections of 
these graduations are foimd by joining the corresponding graduations on tha 
equator to the zenith; and the centres of the projected azimuth circles all lie 
on the line bisecting at right angles the straight line joining the zenith and 
nadir. Circles of celestial longitude are particular cases of ozunutJ) circles for 
^=90°—At; and circles of decimation, which in the projection are straight 
lines, are also particular cases for 

Figure 25 shows the plane of projection, which is here in the plane of the 
equator. Since Oe=OV and the angles eOiii and VOai are both right angles, we 
have the angles Oeai and 0Va[ equal, and also the angles Oeaj and equal, and 

the angle sOtli=0O“^2aiVO=i(^-a)-l- 90° and BOdj=90*—2a(VO=(^+a)—ftO“, 
This gives a geometrical construction for the almncantar, of which SiRj is a diameter. 



i 

* > 
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But in jimctice it is ppriaps morD tonveideait to cnkiJate tlie radiue of 
each circle (r') and ita distance (Oc) from the centre of prpj«^on, 0. We hav^ 

0«, = r.lan^. Oa, = where r U the mdiiu of the equator, and 

r'=(0a.+0a,);2; and 0c=r'-0a,=0a^r'. The MUiwias table giver eertau. 

eb,r “o'T o'" ‘I" slieucmtarat, become 

dFt^l 0 H Of lAfllt.llflfi r 1 anil Till 4-1 . 1 s'kiFkM. 


a —30' 



O' , 

-J-10* 

+30^ 

i 

+30'^ 

' +40' 

+(iiy 

(f, AiBtc^eu 

(■Oc^O&e 

flD-2 


4S^ 

36*4 

3]<a 1 

SS>{N) 

25-4 

23H1 


(r-w2l7'6 

1S3*2 

m-i 

1D&K> ’ 

m-2 

1 

7ij-6 

j 

61-0 

41H; 

2S-0 

^=B(jP.Oe=i> 

1 A Thai 

f'= 173-2 

n f k vh ■il 4 

fi2-8 j 

119*2 I 

mi-B > 

iiS'll 

} 

70-0 

<s7-7 

1 

40-6 

K-i 


„aa« kaui«io oi ^6 ortiinftrj' astrolabe such as B anri P 
are a l constructed on the basL, of polar projections as described above I, ^ 
t e obverse of A (figure 7) is a general projection so constructefl aa t ' 
the necessity for special tablets for end, latitude. One such general nr'^' 
.ttribufed to Ibrhhfm b. Jabia al-N.,qaa, huown „a al^rSHlr ^” 1 ; 
deaeribed m ray ObermforiM 0 / J„i SImP • bid tl» ’ 

A differ, from that uraamueh ra, it i. made for u!e will T 

p^^Uon 'anbahrd The „bver« of A may therefore he deaerihed aaTgea^aJ 
polar projectrora l^m oae porat of view it is e„rm«;,ed with the tablet of horiZ; 

In figure 2; let 1 AA represent a sphere and let V be the centre of vision of M ' 

!cX“’« t’’^'1 r"*™ *" 

to \a If .Li repKwtt the ^aator then V and o are the pole, of the eqmZ 

A portran ^ the projeetran of the .phere is .hown helow the line no7 L 
tl.^ » exarfy the «.me a. that on the obverae of a.t,„l„he A (figurTy) Tilt 
«et. of ftreles are projected (i) small eireles at righl angle, to th.' 
and paraUel to the plane of the solstitial oolure; intigure^27 one 1 ■ 7 

ra lettered h. h,; (ii) paralleh. of declination wbieh are amull eiivlea paralld'^to 
the plane of the equator and coneentrie with the pole, e» b flb' -Ll ^ ! 
(Ul) peat eW« paadng through the sqaiaones, which mt.; ctain conlill: 
may be regarded a. iorizons, and one of which raav be regarded a. The e t 
examples in figure 27 are aaa' and a /3 a’. Tlie'nee. oft and t T 
obvious, hut at present I cannot indicate definitely the nBe of til 
although It is not difficult to reconstruel the projection shown in II i >™larly, 

rever* of A (figure 2,. , do not, at present, TnLJn; e^tT hrrruVfiL^! 

The Hour Lines. 

17. The dindoB of the day was two-fold: (i) the time from eimrim. to 
sunset was ivided mtu twelve equal parts, called tempoiel „r uneqiuT^u^ 

the whols day and nqtht was divided into 24 equal, or equiuoctial, „r di t 
hours. This latter is the lime dhision now praeticaUy followed in mod coun- 

' F-27 ft Fig,, jjo Ml . ^ -- 




























trips, bijt there is still iliVergcnce as to the stinting point: some reckon from 
midnight (civU time in moat ootmtrica), some from midday fniitil quite recently 
'western astronomers), aome from sunrise (e.i?,, the Muslims and Hindus). 

I'he Jistrolabe makers geiieraJly reckoned from sunrise, and, as their Kmir 
lines are generally (but not always) drawn bdow the horizon, the initial point 
is that point of the horizon marked al’tnaghrtbf “ the west,* e.y., in figures 13, 
14, 19, etc* {D to fx in figure 16. according to the time of the yeur),^ 

On the astrolabe the unequal or temporal hour lines are circles passing 
through points on the equator and tropics so as to divide that portion of each 
that is below the horizon into twelve equal parts. The circles of the equal 
hours di\'ide the wjiule of the equator into twenty-foiir equal parts, iind the 
portion of the tropic of Cajjricorii (DEI'” in fig. 16) below the horizon into parts 
corresponding to the longest day, and the similar pnrtitui of the tropic of Cancer 
(GEL in tig. Ifi) into parts corresponding to the ahortest day. Thus, in figure 
16 which shows a tablet for latitude £3“, there are thirteen equal divisions on 
the tropic of Capricorn with a remaining part correspimding to 25 minutes— 
since the longest day ia 13 hours 25 minutea j and the portion of the tropic of Cancer 
below the horizon is divided into ten csiuiil parts with a remaining part equivalent 
to 35 minutes—since the ah<>rtest day for latitude 23“ is 10 hours 35 minutes. 

On the reverse of astrolabe B (figure 4) the left top quadrant in occupied 
by a graphical representation of the unequal or temporal hours. The diagram 
shown as figure 26 esjiiains how this W'fls nacd. The hour eirelea AEO, Bt>, 
CO, etc., cut the arc PI A at intervals of 15 degrees and all pass through the centre 
O, The midday hour line is ARO and each of the other lines corresponds to a 
certain number of hours before or after noon but are nimibered as from sunrise. 

If AOE is the noonday zenith distance of the sun and if AO(J, is the 
zenith distance of the sun at any instant, then Q, the point of intersection of 
the altitude line and the arc passing through the point of intersection of the midday 
hour circle and the nfuinthiy altitude line, indicatea approximately the temporal 
hour. (Q here lies nearly midway Ijetween the hour lines DO and C(^, t'.c., irithin 
the 3rd morning hour space counting from sunrise, or the lOth, in the afternoon.) 

In figure 26 the arc PQO is sitch that PH=.SO, and if the angle SDtJ were 
a multiple of 15 degrees then P<JD would be a temporal hour line. Let the 
angle ROA=Zj,i the angle QOA=z, and the angle POA=A We then have 
PS=r/2cos(?, OQ=2P*S'cus^, Off=r.coSJt„ from ^vhich, since OQ=OR, we get 
cosz=eos A cos£,^cos 0, cos (i^—S) 

=c(»i &, cos cos S+coa 6. sin sin S (i) 

But we should have 

coaz=fCoaA. con cob B-f-uin^ sin 5 (ij) 

and (i) is not strictly true. But, if =A, the difierence between (i) and (ii) is sin tfi 
sin S(cosA—1), which disappears w hen ^=0. FnnnuU (i) and the constnvrtiou on 
the astrolabe to which it corresponds is, therefore, only applicable to low latitudes,® 


^ Tbii rermfll k h nwittiTr conTmkji^sa ths in:Frtinii of lb« iaUet £b giUEiiimlly fuUp 

cKcupifll witL ftlmucuitius azid juiDiuth iinia. 

*■ See Aitmnamif rfi* mo^ea njr* ^43 
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D. Celestial Sphere, dated A.H. 1067. 

aa ala™ a figa-a 9. , ^ j, ^ ^ 

^ .h^ra-iboi m d-mu !U„U«,mad ibn MdU Co.™ 

i/uiaa^i 9''h -in Ah SIh^M AUmu, Brnni^ni ; 

Tha St^ ia p.„d„at«l homonially «jy. Tie W cardinal pointa «« 
mar . and Irom tie caat and west pointa graduationB lor every two deereea 
ran right and left; and these are numbered in the ahjai notation in oroutis of 
"j" *® The detachable vertical rnrele lim, north end B^h’^nd 

sphere was pivoted to It through the equatorial poles; but the ania or nivot 

d T ^rtical circle i. not grad- 

llnfb. 1. ‘“"B of later make than the sphere itself* 

On tlm ^here are inscribed the positions id 92 stars of which aU but eleven 
are named. Also the circles of longitude for each 30 degrees and the ecliotie 
and eqnato, are given. The miUptic is marked with the usual sig™ .nd Th 
sign la g^uated the gradualions are numbered from six to ihirt,-- white 
eaeh quadrant of the eqnater is graduated and uumhered from six 

Tiie of the signs arg_ J * 


al— Hamal —Aries. 
a/-TA<tifr —TAtjRug, 
ttl-Jauzd —Gem im. 
af-iSara/dn —Caxckb . 
—-Leo. 

al'S tfnAuldi —V irgo. 


of-alfEsiin—X cIbra, 
at'A^ab —Scorpio. 
ol-Qam —Sagittarius. 
al^J nd't — Cap rtcvr n ug. 
ai-Daitio —AquahiuSc 
(il~ Hui — Pisces . 


The position of esoh star is indicated by a dot eaclocad in a small circle 
thus: ®; and m most cases the names are qnits clearly engraved. The name^ 
of the atata with their positlona on the sphere are given below ; and, in the 

IZ :lven\"“SurBr 

-.ir-j;. reS;,srr.;; z •JZZ:: “ 

Htt ® instrument wa^ 

recalculated by u^mg the same rune stars as were emploved in parairraDh u 

tr„x^.lv +j“ T" It ‘‘‘'i "“"*«• A 

to inscription ICTfl-1877 given in 


Ht? work ol the liumblesT «f nifin, iss iht-Dm strL” Thi ■ ' -l j l 

the MHiti poIiL . ftl Urn. Btfl, This » utKnbdd tia the ■I'here ituelf liwujid 

* The Jotrer Aup[nrt i. LcokHi the ™itere \>^ h-n ntinhi-i ■- *i. .a. . 

I»tehd» i. 2 e.in. by l-A i, ^ One ef theee inUid 

Meter ® ttMl the ttinl fa ft ftiimU eirds of 2 imm die- 
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GLOSSARY 

- - - 

4l-^AbiIr 

Sbiiis. 

*alyu.q 

Akr 

* eyo *; *am oi-mm*. S«gittarii • *ttU d-ihaur, a Tahti or Aldebamii. 

* goat' 1 n AmigB&t CapoUa ot Alliaioti 

* last * 1 akhiT B Endaoi, 

<11 nu » 

^aokabut 

* goat ’; ^nankS^ oI i3 Aurigffi. 

^ slider *; the atar tablet oI an ftstrolabe; aranea, alhancabiith ; kw aIbo 

Apwar , 

<Aqrati 

*ard t 

aaad 

* brighter ’; ofiwwr 5 Ursasi Mm. 

^ fidOEpioA^; al-*aqrab^ the sign Scorpio ; ^16 a Scorpii or Autaiee^ 

^ latitude ^ \ zero btittide^ 

' Won ‘ : at-ascd, the sign Leo: jalb d-asadt a Leonk or Ecgulus i fan oi- 

* 

«jtu1 

biiiiAt . , 

amd^ /4 Leonia. 

I3di uiaa^ii, t S BoDtia. 

• nnamied '; oi-^asai, a VirgimB or Spiea. 

‘datigbtera ^; o^bcrnd/ oLnoVAi Ui^a major. 

baUyya 

batri . 

dabaran 

dajajiili 
dalwa « 

* sTnaH caak ^ al-bafih^ a. Cmteiia. 

* interior hfitn k Pieciuni. 

the 4tb niatimt (a, 6^ y, c Tauri); a Tanii or AMubaraB. 

* fowl * ! Cygnnaj faiffcfar aUdujajiiJtf f ij Cygm p mmh d-dajajoA, tn Cygni, 

* jar ’; the flippi AquariiLB, 

dubb . 

dura^At 

fftkkab 

‘bear'; ^ui al-duM}^ l Vmm Majonq, 

* cuirsLaa' 1 at-dura'%, ? y Cephei* 

• bowl * 1 d-t^kaK Cotoujo Bor, or Alpbecca. 

fam 

* oiauth * \ ff^m d-faras^ e Fogad ■ fam d-h€£, a Piac+ ait&t. or Fomalhaut 
fam al-QifuSt y Ceti, 

farqad . 

fara^ , 

* oaI£^ ; dm fafgadan^ 9 and y Vum rain. ; anmr ahfarqadiny 9 Ursee min, 

* horBe *; fam td-fatai^ € Pegaai ; jandi d-faras^ y Fegaai j mrai d fara^t 

a AndromedBB 1 the wedge that fastens the parts of an astrolabe 
together. 

fArd . 

gblil , 
ghuina^ia 
£hur2b 
hatyat . 
bamal . 

“* alojio *; fand a Hydras or Alpharrl* 

* demon " ; ras at-ghfil^ 9 Peraei or Algol 

Prooyon or a Cams miikoris. 

' einw ' 1 jnndh d-^Jit^rdb^ y Corvi or A^horob; tniitjr^ at-ghufdi^ a Corvi. 
^serpent*; *n^q d-hmgah^ 9 Serpeutia, 

* rfl^ ' 1 ahhatsmt^ tbe dgn Aiim. 

Iiaq^at 

hawwa. 

three stars In the head of Orion; bora X Orioms, 

'* fijiivke charmer * J roa d a Ophiuchi. 
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hui 

Mdftdafa 

isrl 

jadi 

janah . 
janubi , 
jithi « 
af-Jatiza 

ka<b 

khqdili 

ai-ma^hrib 

mi 

ma^af . 
mankib 

manzil 

aji'fiiajhriq 

mato * 

iufjmarah 

fTiinqiir 

mirfaq 

nrizin , 

mufrad 

rnuqqddafn 

muqarttar 
murl ^ 
al-nalmr 

na-sh « 

nasir 

qadam 

qaddBt 

qalb 

ijantauru^ 
qaus . 
QiCus » 
qutb 
rarttT » 


* ' fitth ^ ; ^l^Cd tbo jipn /nm or a Pjbc. aiiat, Lunitb 

at-hm, K Atiflt, 

* ■ pofft ^; albidid^p lighter. 

, " Iisit ttdo"; aea /j nnd y Ortonia. 

. ' goat *; tlie sigk CuipTieomiiB: ako a Urae * zamb 

jadl, y Caprioartii^ 

* * wing *; y Pegoai ; janak 4 i]rffhumb^ y tk>m or Algliomb. 

* ^ fioutL^ 

. HereiUoa (aa the kneeling oric!) ■ nls a Hflrculk, 

* tho fliga Cjf^niljii; tlie coiiAtfcsILitloii tlrion ; mmkib a and y Onoiik ; 

njt S 411(1 K Orjonk^ 

« ^ ankle boae *; £0*6 / k Pegaai* 

p " Jumd ■ ; A ijf rii-AA^^diA, p Oaadiapei^. 

. * died Ti&d \ " bloody *; kaf B Cassiopeia, 

* 'tiewaitj 

» ^ water * ^ mkih al-nuj^ S Afjuam^ 

, * aiftKgcr *; € Caaeri or Pf^a^aepf^. 

„ ftbouJiier \ nl^/orqjti d P(^wi 5 a Orioids j 

0 Aurigse. 

* * atatiea of the luijoa "; pi, mmfazU, 

* ^theeistp' 

* ' badk^; fiia/» f 

« * ceoaer ^ i Aia ; riTs ^t^imjtiutrak^ f Ane, 

- ^ a beak ^ t minyar fd-ghmabt a Corvi; min^r f 

* ‘ elbow ^; mtrfiu/ tL Pcmei, 

. ' balance '; al-miz^n, the sign Libra ; mha faiMh, a Cor. Bor. 

- * aloae'; mi^/rwl if} Bootid. 

. ^ prf^edirigillaZ-iftew^ir^ y Arietis; rof tnmlm <d mHq{idd(m u 

GeminoTaiii. 

* * rcstijsg 013 afoliea ' bdilgea' [ citclas of altitude. 

, itidex. 

* *the fft^wam'; Eddamuij tJkfir nt-nftknr (Ultima Ituvii), 6 Endaiii | tnam 

nhnaharJ 

. " bior ^ t Ursa major, 

. ‘ eagle ^ i na/tF a Aqtiilfi>: umr ul-^dq^^ a Lyra?, 

. * foot * I 0 Oriouk, 

‘ foundation ^ i qS'idnt o^-k/ZlA,, a Ctateris (Qu^ in. basi Craterjs est). 

* 'licart^; qdh ri SqoTpii or Antare?!; qalb a Leotiia or 

K^i'tavpo^ 

^ bow ^; oZ'^u4, tba sign Sagitt^riuB, 

K^os : /rtw nl-qitm,y Ceti; adr it Ceti; zawib ahqltta. ^iCBti. 

‘ pftle ’; quib janubi, anulh pale; jri/6 stinmaU, noitli pole. 

' arclicr'; *(*m id-raiHl. u Sjigittam (Qubb in oculo est) j raibai fd-rdml, a, 
SagittoEu. 
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rflrnlh « 

p Mam^ bearer mnal' ul-rflmik^ a BomtiB or Arcitunii; mtafrid 

7j 

rks * 

p * bead '; ras al-timd, ^ Lmms ; f S BtMtEs^ rJ4 

or Algol ; rm ai-jUtht, a nf^ixiilis ; a Lupi l ms fn^ram 

a Geinmorum ; rm eti-hmi'wa a Opkiu^bi. 

Hjl . 

* ‘ foot ^; riji jowsclj S ut k Ormals ; rijt a Cfisiitautfi; on astro- 

Iftbo A Uffia? mnj. 

rukbat 

stt-it , 

* kncii ‘ ; f uHMit al-rdmi, a Sagittarii- 

* hoim/ 


*beatt of prey * t Lupii^; -rds al-mbu*^ a Lopi, 

sadr 

s^afr* 'Ih 
/ ” 

satitiAh 

^ brenat- " 1 ^l~^T(us, ? w Ceti* 

‘ plaljdd* ; (sing. tabletB of an a^trokbe; isaphiGe^ 

* ahip ^ ; (amffit sf-jsrt/l/iaAi, c Argrui. 

sahabi « 

* cloudy nebulotia; nl-fhumt^u, )( Peraei j ‘alrL al-mmt 

^*ld 

sakfb 

t> Hitgittarii i mkdbT, A Otionig j ma"!?/e Cfrncri or Pr^a^pe. 

* wrist" ; 15 Coro. Ikr, 

' one w!io poetry out * * at-J^uktbj tiie sigri Aquarius, See ffij. 

saq 

sarf 

* icg * ; sdkik nl-i)mh, S Aquarii. 

P p&r 1 ' : S Leoiiitf, 

sarnlJLn 

* crab " 1 nhmTfiim^ tho aign Cancer. 

sham , 

shamii] 

' Syria ^ ; ^rA t^ht ahdm^A a Can, min, or Procyon, 

^ nortli.^ 

sbaratfn 

tbe Istj iiiiiii^J (f?,. y AricftlB]; mntiftftftam y ArEctis. 

Shaulah 

sha^Jyyfl 

sh]-ra 

shubakah 

* sting of 11 Roorpiori' ; A Scorjjii, 

'smoU aplinter*! pL star pointers on 'amhih^L 

Siriiia ; shi*fu Procyon t jtAiV - Siriuit, 

" iiiBt" ; the star disc of au aetrolnbe ; retc. 

shuja^ , 

Elmak p 

‘ oonraggoufl - ; Hyilm; futd iiL^thfijd\ a Hyd™ ; ^uni/ tjl-3hiijd\ v Hydra-. 

‘ above ; simdk alAtzal, a A^irginis or Spica ; ^fmak al-rQmfh, a Bootis or 
Arctunia, 

suhaLI « 

al-suabulah 

Cannpue, 
tlic sign Virgo, 

surrah 

* navel ^; 3 urrak al-fctrm, S Pepaai or a And, 

aE-tflIr . 

talf 

* the flier'; a AqniJa- nr Aitair^ 

" fblloiving' [ applied to 0 Arieris and y Erlclmii^ 

taraf . 

^ side' ; fnraf^i € Argus. 

tawam 

*a twin " 1 ffiiedm a Geminoniin,. 

tfiaur ^ 

* hull * ; Ilf-Mown the sign Taurus \ VjTii ^hthmr^ a Tauri or Atilcbamn 

at-thyraiyA 

tinnln « 

tbn Plcfades ; fiNhuraii/d, Pccaci; mirffirj tff-Miirfffydp a PorseL 
* dragon ’ ; rd^ fmnm^ f i Herpulia. 

uniiii . 

* Tnofber" J tbe body of an n&trofabe ; mater. 

*unq 

ustyrtAb 

*nec^t'; of-#Awjo\ vHydne; "mq X Serpentia, 

^ astrolabe/ 

* 

* fidlrng ^ fthicd^^ a Lyra or Veqa, 
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yad 

yaffliiii 
yufnni , 
zabBnf 
uiub » 

zahr # 


, • hAtjd '; yad ffl-dulsbi 4 Ujbe maj. i ip^ al-jnn^^ a Oriflida. 

. *cil Temea* ! Shi'ri yamamK Siiiaa* 

^ * ri^Kt liand ^ j Bee ix and k Ocionifi* 

. * sting of an insect*; tlio 16 tii manzil * <t Gancti 

, tail * t & Cygni; straab y Capficortii 5 fif 

1 B Ceti, 

. * back' I i<fhr olniKfdi S Leonii. 
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